Introduction -Nicotinamide adenine dinucleotide (NAD + ) and its reduced form, NADH, have central roles in cellular metabolism and energy production as electron-accepting/donating coenzymes. In addition, NAD + is increasingly being recognized as a net substrate for a range of reactions related to gene expression, calcium mobilization, aging, cell death and the timing of metabolism via the circadian rhythm. Recently, it was demonstrated [1] that NAD + and NADH could be detected quantitatively by
Introduction -Nicotinamide adenine dinucleotide (NAD + ) and its reduced form, NADH, have central roles in cellular metabolism and energy production as electron-accepting/donating coenzymes. In addition, NAD + is increasingly being recognized as a net substrate for a range of reactions related to gene expression, calcium mobilization, aging, cell death and the timing of metabolism via the circadian rhythm. Recently, it was demonstrated [1] that NAD + and NADH could be detected quantitatively by 31 P NMR spectroscopy at high magnetic field strength in vivo. Here we present 1 H NMR spectroscopy as a simple, but robust alternative for the in vivo detection of NAD + .
Methods -All experiments were performed on an 11.74 T Magnex magnet interfaced to an Agilent Direct Drive spectrometer. In vivo and in situ experiments were conducted with a 14 mm diameter surface coil and a five-turn, 25 mm diameter solenoidal coil of 45 mm length, respectively. For in situ NAD + T 1 and T 2 measurements rats were euthanized by focused beam microwave irradiation ([2] FBMI, 4.5 kW, 1.1 s), followed by removal of extracranial tissues and magnetic susceptibility matching with Fluorinert FC-43 [2] . Spatial localization was based on LASER [3] executed with 0.75 ms or 3 ms SLR 90° pulses centered at 4.7 and 9.1 ppm for non-selective and selective excitation, respectively. The non-selective experiments were supplemented with VAPOR water suppression [4] . T 1 relaxation was measured with an inversion recovery method, whereas T 2 relaxation was measured by varying the LASER echo-time. (Fig. 1A) . The interaction between NAD + and water protons was also observed during the T 1 measurements in situ (Fig. 1C/D) . Selective inversion of NAD + without perturbing the water protons gives NAD + T 1 relaxation times between 200 and 330 ms (Fig. 1C) . When the recovery of longitudinal magnetization is probed with a non-selective inversion pulse the NAD + T 1 relaxation times are lengthened to between 1000 and 1200 ms (Fig. 1D ). The NAD + T 2 relaxation times constants were determined to be between 50 and 70 ms. Using the water as an internal concentration reference the in vivo NAD + concentration in the cerebral cortex was determined at 296 ± 28 μmol/L.
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